Eighty-five strains of vancomycin-resistant gram-positive bacteria from three genera, Leuconostoc, Pediococcus, and Lactobacilus, were tested to determine susceptibility to 24 antimicrobial agents by broth microdilution and to 10 agents by disk diffusion. The MICs of vancomycin and teicoplanin ranged from 64 to >512 ,ug/ml; however, the MICs of daptomycin, a new lipopeptide, were all .0.25 ,ug/ml. None of the organisms were resistant to imipenem, minocycline, chloramphenicol, gentamicin, or daptomycin. The MICs of penicillin were in the moderately susceptible range for all but three strains. Susceptibility to the other agents varied by genus and, in some cases, by species. When disk diffusion results were compared with MICs for drugs recommended for streptococci by the National Committee for Clinical Laboratory Standards, Vilanova, Pa., few very major or major errors were obtained, but the number of minor errors was 19.3%. Therefore, we recommend that MIC testing be used instead of disk diffusion testing for these organisms.
Because of the increase in nosocomial infections caused by gram-positive cocci, especially staphylococci (both Staphylococcus aureus and coagulase-negative staphylococci) (T. Horan, D. Culver, W. Jarvis, G. Emori, S. Banerjee, W. Martone, and C. Thornsberry, Antimicrob. Newsl. 5:65-67, 1988) , and because of the growing prevalence of methicillin resistance in staphylococci (9) , vancomycin has been used more often for treating patients who have or who are suspected of having infections caused by gram-positive organisms. Reports of clinical infections caused by vancomycin-resistant organisms have been more frequent in recent years, with resistance in staphylococci (22) , enterococci (14) (15) (16) 26) , and lactobacilli (1, 8, 11) described. Clinically significant vancomycin resistance in Leuconostoc and Pediococcus spp. was rarely reported before 1985 (19) . The first case of a clinically significant infection caused by a Leuconostoc sp. was reported as being caused by a Streptococcus sanguis II strain in 1984 (24) . The identity of the strain reported was later questioned (C. Thornsberry and R. Facklam, Antimicrob. Newsl. 1:63-64, 1984 ) and reidentified as Leuconostoc sp. by one of us (R.R.F.).
Since then, a number of clinically significant infections caused by Leuconostoc spp. have been reported (2, 3, 5, 10, 12, 13, (19) (20) (21) 27) , including a case of meningitis in a previously healthy 16-year-old girl (4) . There has been only one report of infections caused by Pediococcus sp. (3) , although many such strains from clinical sources have been submitted to the Centers for Disease Control for identification or antimicrobial susceptibility studies (7) . Vancomycin resistance in lactobacilli has also been reported (1, 8, 11) , but resistance of and clinical infection caused by Lactobacillus confusus, an organism that may often be confused with these gram-positive cocci, have not been documented.
Because of the possibility that these organisms may be pathogens, we tested a number of them to determine pat-terns of antimicrobial susceptibility and the suitability of the disk diffusion test for predicting that susceptibility.
MATERIALS AND METHODS
Bacterial strains. Seventy-nine clinical isolates and six type strains, identified by methods described by Facklam et al. (7) , were included in the study. The clinical isolates tested were Leuconostoc mesenteroides (n = 18), L. citreum (n = 12), L. pseudomesenteroides (n = 4), L. lactis (n = 2), Leuconostoc sp. (n = 7), Pediococcus acidilactici (n = 20), P. pentosaceus (n = 3), Lactobacillus confusus (n = 11), and Lactobacillus sp. (n = 2). The type strains included were L. mesenteroides ATCC 8293, L. lactis ATCC 19256, L. dextranicum ATCC 19255, L. paramesenteroides ATCC 33313, and P. pentosaceus SS947 and SS1107. The sources of the strains were blood (n = 55), urine (n = 2), peritoneal fluid (n = 4), wounds (n = 4), abscesses (n = 4), cerebrospinal fluid (n = 3), a stool specimen (n = 1), a lung biopsy (n = 1), unknown (n = 5), and stock cultures (n = 6).
Susceptibility testing. The antimicrobial agents tested by broth microdilution were received from the manufacturers as powders suitable for susceptibility testing and are listed in Table 1 . For disk diffusion, the antimicrobial agents were oxacillin and ciprofloxacin in addition to those recommended by the National Committee for Clinical Laboratory Standards (NCCLS), Villanova, Pa. (17) , for nonenterococcal streptococci.
Before beginning the study, seven strains (three leuconostocs, three pediococci, and one lactobacillus) were tested for growth in nine different broth bases (Mueller-Hinton, Schaedler, heart infusion, brain heart infusion, brucella, anaerobe [experimental] , Trypticase soy broth, Columbia, and Haemophilus test media; data not shown), both unsupplemented and supplemented with 5% lysed horse blood, 5% lysed rabbit blood, 3% horse serum, and 3% rabbit serum and incubated in both air and 5% CO2.
MICs were determined by broth microdilution (18) , using cation-supplemented Mueller-Hinton broth (Difco Laboratories, Detroit, Mich.) with 5% lysed horse blood. For RESULTS None of the media tested grew the strains better than cation-supplemented Mueller-Hinton broth with 5% lysed horse blood, the medium we prefer for testing fastidious organisms. Additional CO2 was not needed for the broth testing. However, one strain of P. acidilactici would not grow in the broth microdilution plates and therefore is not included in the study. The majority of the strains grew much better on agar medium if incubated in 5% C02; therefore, only zone diameters obtained in CO2 are considered in this report.
In Table 1 , the ranges of MICs, MICs for 50 and 90% of the strains, and the percentage of susceptible strains are given by genus. For selected antimicrobial agents, the ranges of MICs are given by species in Table 2 .
Glycopeptides. For all the strains tested, vancomycin
MICs were 2256 jig/ml, with no zone in the disk diffusion test. Teicoplanin and daptomycin, antimicrobial agents similar to vancomycin, were also tested. For one strain of P.
acidilactici, the teicoplanin MIC was 64 ,ug/ml; for the others, the MICs were .128 ,ug/ml. All the strains tested were susceptible to daptomycin, for which the MICs were <0.25 j,g/ml.
Beta-lactam agents. The MICs of penicillin for 96% of the strains tested (81 of 84) were in the range of 0.25 to 2.0 ,ug/ml. Ampicillin MICs ranged 1 to 2 concentrations higher. All strains had oxacillin zone diameters of 6 mm (i.e., no zone), including the single type strain of L. dextranicum, for which the MIC of penicillin was 0.03 jig/ml. For the cephalosporins tested, cephalothin was the most active overall, but cefuroxime, ceftizoxime, and cefotaxime were more active against the strains of L. citreum and several other isolates than was cephalothin. As with other gram-positive bacteria, these genera were less susceptible to ceftazidime than to other broad-spectrum cephalosporins. For all of the pediococci and the lactobacilli tested, imipenem MICs were <0.12 ,ug/ml, which distinguished them from the majority of the Leuconostoc spp. tested. Except for the single type strains of L. paramesenteroides and L. dextranicum and two of the unidentified Leuconostoc spp., all other imipenem MICs for the Leuconostoc spp. were .1.0 ,ug/ml. No Ilactamase was detected in any of the strains.
Macrolides. For all except two strains of pediococci, the erythromycin MICs were <0.06 ,g/ml; for these two pediococci, the MICs were 4 and >128 p.g/ml. The activities of roxithromycin and josamycin were similar. The strain of P. acidilactici that was highly resistant to erythromycin was also resistant to clindamycin (MIC = 32 ,ug/ml); however, the strain of P. pentosaceus for which the erythromycin MIC was 4 ,ug/ml was susceptible to clindamycin and could not be induced to exhibit clindamycin resistance. For three strains of Leuconostoc spp., the MICs of clindamycin were increased (0.12 to 2 ,ug/ml) and zone diameters were in the resistant range, but the strains showed no increased resistance to erythromycin.
Aminoglycosides. Gentamicin was the most active of the four animoglycosides tested and had the greatest activity against the leuconostocs. For one strain of P. acidilactici, the streptomycin MIC was 2,000 ,ug/ml.
Miscellaneous agents. For the tetracyclines, minocycline was the most active, followed by doxycycline. Except for one strain of L. citreum for which the chloramphenicol MIC was 16 ,ug/ml, the chloramphenicol MICs were s8 ,ug/ml. However, 11 strains (9 L. confusus, 1 Leuconostoc sp., and 1 L. citreum) had zone diameters between 13 and 17 mm, indicating an intermediate susceptibility. Chloramphenicol acetyltransferase, however, was not detected in any of these strains, even after induction.
For all the lactobacilli tested, the MICs of rifampin were 16 to 32 ,ug/ml, and for all of the pediococci the MICs were s4 ,ug/ml. For 9 of the 47 Leuconostoc spp. (19%), the rifampin MICs were .8 p,g/ml. For the majority (89%) of strains, ciprofloxacin MICs were in the range of 1 to 8 ,ug/ml, with higher MICs for the pediococci. Despite several MICs for ciprofloxacin that were in the range of 2 to 4 ,ug/ml, all the pediococci tested had no zone by disk diffusion. All of the leuconostocs and lactobacilli had zones .10 mm.
For four Leuconostoc strains, the sulfamethoxazole MICs were 64 to 128 ,ug/ml; for the remainder of strains tested, the MICs were .256 ,ug/ml. The vast majority of the leuconostocs and pediococci were susceptible to trimethoprim, whereas for only 3 of the 13 lactobacilli tested, the MICs were .8 ,ug/ml. None of the lactobacilli were susceptible to the trimethoprim-sulfamethoxazole combination; susceptibility varied for the other species tested.
Disk diffusion testing. Scatterplots for 8 of the 10 antimicrobial agents tested by disk diffusion are shown in Fig. 1 . Results for vancomycin and oxacillin are discussed above. Discrepancies between the disk diffusion interpretation and the MIC category interpretation are assumed to be errors in the disk diffusion test and are summarized in Table 3 . Only one (0.1%) very major error (susceptible by disk diffusion and resistant by MIC) occurred (with tetracycline) and 10 (1.5%) major errors (resistant by disk diffusion and susceptible by MIC) occurred, but the number of minor errors (intermediate by one of the tests) was very high (19.3%), with tetracycline and ciprofloxacin having the most.
DISCUSSION
Knowledge of the patterns of susceptibility of vancomycin-resistant gram-positive organisms should help physicians treat infections caused by these strains. Many of the antimicrobial agents that we tested did not have uniform activities against the three genera tested, so it appears that proper identification will help in the formulation of optimal antimicrobial regimens. Although for most of the strains tested penicillin MICs were in the moderately susceptible range as defined by the NCCLS for nonenterococcal streptococci, for three of the Leuconostoc strains tested (the type strain of L. dextranicum and one strain each of L. citreum and L. pseudomesenteroides) the MICs were in the susceptible range. Of the other agents, those with the best activities against all the strains tested were imipenem, chloramphenicol, erythromycin, clindamycin, gentamicin, and daptomycin.
For the agents tested in common, our results are similar to those of Buu-Hoi et al. (2) , who tested only a small number of Leuconostoc (1 versus 0.06 ,ug/ml), and gentamicin (4 versus 0.5 ,ug/ml). However, we did not find it necessary to incubate the broth microdilution plates in increased CO2 as they did with their agar dilution plates, which might explain the discrepancies, since the agents listed above are know to be affected by either medium or pH differences caused by CO2 incubation.
We noticed an interesting difference in patterns of two of the drugs tested that could help in differentiating the three genera. For these three vancomycin-resistant genera, all the Pediococcus strains had no zones with ciprofloxacin but the imipenem MICs were 0.12 ,ug/ml; for all the Leuconostoc strains, ciprofloxacin zones were 211 mm and, for the most, the imipenem MICs were 21.0 (except for the type strains of L. dextranicum and L. paramesenteroides and two of the seven Leuconostoc spp.); all the Lactobacillus strains had ciprofloxacin zones of .13 mm and the imipenem MICs for the strains were .0.12 ,ug/ml. Use of these characteristics could help in the early identification of these strains to the genus level; however, given the sometimes fickle nature of resistance patterns, the identification should be confirmed.
When the usefulness of a new procedure against a reference procedure is evaluated, Thornsberry (25) has suggested that overall agreement should be greater than 90%, with very major and major errors less than 5%. Sherris and Ryan (23) are even more stringent in their evaluation, suggesting that very major errors should be less than 1.5% and that overall errors should be less than 5% (i.e., overall agreement greater than 95%). In our study, when broth microdilution was compared with disk diffusion, the number of very major and major errors was 1.6% (Table 3) (17) . For penicillin they are the breakpoints for nonenterococcal streptococci. 
